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Abstract: This paper presents an analytical model to study the effect of stiffening ribs on vibration 
transmission between two rectangular plates coupled at right angle. Interesting wave attenuation 
patterns were observed by placing the stiffening rib either on the source or on the receiving plate. 
The result can be used to improve the understanding of vibration and for vibration control of more 
complex structures such as transformer tanks and machine covers. 
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1. Introduction 
Vibration response and energy flow between two plates coupled at right angle has been well studied by using either 
analytical approaches [1-4] or statistical energy analysis [4-6]. However, most coupled plate structures in practical 
engineering applications such as a machine cover or a transformer tank are much more complex than simple coupled 
plates where plates are usually reinforced by stiffened ribs to enhance the rigidity and strength of the coupled structures. 
The effect of ribbing on the energy flow between coupled plate structures is not well understood although research work 
has been undertaken previously by using statistical energy analysis approach [6]. In their work, Tao and Hansen 
investigated the vibration energy flow from a semi-infinite uniform plate to a semi-infinite periodic ribbed plate and 
obtained the coupling loss factor between the two structural components from the mean transmission efficiency. 
However, effects of ribs and rib locations on the energy propagation between the coupled plates were not studied in 
their work and require further investigation. This thus motivates the work presented in this paper by investigating the 
effect on the energy flow pattern of an L-shaped plate by placing a rib either on the source plate or on the receiving 
plate.  
The effect of stiffened ribs on vibration response of a rectangular plate has been studied by many researchers [7-10]. 
In particularly, Lin and Pan [7] provided a closed form solution to study the effect of the rib locations on the input 
mobility and vibration response of a finite ribbed plate due to either a point force or a moment excitation. They showed 
that the input mobility (or input power) of a ribbed plate depends on the distance between the excitation source and the 
rib. It is plate stiffness controlled when the rib is located more than a quarter of the plate bending wavelength away 
from the excitation source and is rib stiffness controlled when the rib is located at the source location or close to the 
source. Lin [10] further showed that the ribbing pattern will affect the energy propagation and attenuation of periodic 
and irregular ribbed plates. It was found that by slightly altering the periodic ribbing pattern on a plate, the vibration 
energy of the ribbed plate can be largely confined within the source plate section, which is also known as Anderson 
localization in solid state physics [11]. 
By employing an analytical approach similar to the previous works [7, 10], this paper extends the study of energy 
flow between two coupled plates as reported in a recent publication [4] by including the ribbing effect into the 
consideration and by employing a different solution approach. An analytical formulation for the vibration response of 
the coupled ribbed plate structure considered in this study is presented in Section 2. Interesting results obtained from an 
analytical solution using a modal expansion approach are presented in Section 3. Insightful discussions on the results 
are also offered in the section. Section 4 summarized the main findings from this study. 
2. Model description and analytical formulation 
Figure 1 shows the coupled finite ribbed plate structure and the associated coordinate system. For simplicity, all 
plate edges of the coupled structure are assumed to be simply supported in this study. Furthermore, the source and the 
receiving plates are both reinforced by a stiffened rib in the theoretical modeling. On the contrary, only one single rib is 
used in the numerical simulation which is moving from one location to another location on the source plate and then to 
the receiving plate to understand the ribbing effect and the rib location on the energy transmission between the two 
coupled plates. An external point force excitation pF  is applied on the source plate at the plate location ),( 000 yx , 
another point force excitation bF  is applied on the rib at the location by  in the theoretical model. Similarly, only one 
external force is applied at a fixed location on the source plate in the numerical simulation. Thin plate theory is used for 
the modeling of both plates where shear deformation is ignored in the analysis. It is assumed that all of the stiffened ribs 
are symmetrical with respect to their neutral axis so that the flexural and torsional vibrations of the ribs are uncoupled.  
The two coupled ribbed plates are considered separately in the formulation where the coupling between the two 
ribbed plates are represented by a pair of opposite sign line distributing moments ( cm ) applied at the coupling edge of 
each plate as shown in Figs. 2(a) and 2(b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.1 Formulation of the source plate 
Using a thin plate vibration model, the governing equation of the plate bending displacement ( sW ) of the source 
plate can be written as: 
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Fig. 1. Model description and the coordinate system of the coupled ribbed plate structure.  
Fig. 2. The two plate components of the coupled structure; (a) receiving plate; (b) source plate. 
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where psk  and sD  are the bending wavenumber and rigidity of the source plate. sq  and sm  are the coupling force and 
moment per unit length at the rib/plate interface and cm  is the coupling moment per unit length at the coupled 
plate/plate junction. 
Using beam formulations, the governing equations for the flexural and torsional displacements of the stiffened rib 
(U  and  ) on the source plate can be written as: 
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where bsk  and tsk  are the flexural and torsional wavenumbers of the rib of the source plate. bsB  and sT  are the flexural 
and torsional stiffness, while sR  is the warping to torsional stiffness ratio of the rib.  
Equations (1) – (3) can be solved by modal expansion solution as: 
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the simply supported rectangular source plate with respect to the two plate edge directions. 
2.2 Formulation of the receiving plate 
The governing equation of plate bending displacement of the receiving plate ( rW ) can be written as: 
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where prk  and rD  are the bending wavenumber and rigidity of the receiving plate. rq  and rm  are the coupling force 
and moment per unit length at the rib/plate interface of the receiving plate.  
Similarly, the governing equations for the flexural and torsional displacements of the stiffened rib (V  and  ) of the 
receiving plate can be written as: 
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where brk  and trk  are the flexural and torsional wavenumbers of the rib attached to the receiving plate. brB  and rT  are 
the flexural and torsional stiffness respectively, while rR  is the warping to torsional stiffness ratio of the rib. 
Equations (10) – (12) can also be solved by modal expansion solution as: 
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  is the simply supported mode shape function and modal wavenumber of the receiving 
plate corresponding to the plate edge in the z direction. 
The unknown modal coefficients in Eqs. (4) – (6) and Eqs. (10) – (12) can be determined by solving the coupling 
forces and moments in Eqs. (1) and (7) using the continuity and compatibility conditions at the rib/plate interfaces 
together with the continuity condition at the coupled plate/plate junction as: 
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A detailed elaboration in deriving the analytical solution used in this study will be reported elsewhere due to the 
limited scope of this paper.  
2.3 Kinetic energy distribution  
Once the vibration response (i.e., displacements) of the plates and the ribs are known, the time averaged, steady state 
kinetic energy distribution of the source plate (excluding the energy in the rib) can be calculated by: 
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where 1S  is the surface area of the source plate, 1s  is the surface mass of the un-ribbed source plate.  
While the time averaged, steady state kinetic energy of the receiving plate (excluding the energy in the rib) is: 
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where 2S  is the total plate surface area of the receiving plate and 2s  is the surface mass of the un-ribbed receiving 
plate. 
3. Results and discussion 
It is assumed in the numerical simulation that all structural components of the coupled (ribbed) plate structure are 
made of aluminum with the material properties 2100 N/m101.7 E ,
3Kg/m2660 , 3.0 . The surface area of the 
source plate is assumed to be 21 m16.3 S  and the surface area of the receiving plate is 
2
2 m12S . Both plates 
have the same plate thickness of mm521  hh . The stiffened rib(s) used in the simulation is assumed to have the 
rectangular cross sectional area of 2mm580bA . An uniform internal loss factor 01.0 bp   is assumed for the 
coupled structure in the simulation which is incorporated into the formulation by using complex Young’s modulus, such 
that )1(0 pp jEE   and )1(0 bb jEE  . The source location in all simulation is fixed at )m3.0,m0.3(),( 00 yx  
on the source plate. The stiffened rib is initially located at the source location and is gradually moved to other locations 
on the source plate and then to the receiving plate in the simulations. 
3.1 Input Mobility 
Figure 3 compares the input mobility of the coupled plate structure (in which the source plate is reinforced by a rib 
at m0.3bx and the receiving plate is unribbed) due to a point force excitation applied directly on the rib at 
m3.0by  calculated by the analytical solution presented in this paper and by finite element analysis for accuracy 
evaluation. In the finite element model, the source plate and the receiving plate are meshed by  50180  and 
50100 thin plate elements respectively. The mesh size gives approximately 11 elements per plate bending wavelength 
at the highest frequency of concern (1 kHz). Good agreement is found between the analytical and finite element results. 
Nevertheless, it is worth noting that the computation time consumed by the analytical solution (a few seconds) is only a 
very small fraction of that used by the finite element analysis (about one hour using MSC/NASTRAN). Thus, the 
analytical solution developed in this paper is more computation efficient than the finite element approach for similar 
complex coupled structures. 
To evaluate the effect of the stiffened rib on the power injection to the coupled plate structure by the external point 
force, the input mobility of the coupled plate structure in the previous simulation is compared with that of a 
corresponding L-shaped plate without reinforced rib(s) as shown in Fig. 4. It is found that the presence of the stiffened 
rib on the source plate has led to a substantial reduction of the input mobility amplitude of the L-shaped plate (due to 
the increased rigidity (impedance) at the source location) except for a number of frequencies where the rib is at 
resonance. At frequencies close to the rib's resonance frequencies, the stiffness of the rib tends to decrease and approach 
zero. Therefore, the input response of the coupled plate was not attenuated from that of the corresponding unribbed L-
shaped plate at these frequencies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Effects of ribbing on kinetic energy distributions of the coupled plate structure 
In this section, effects of ribbing on the kinetic energy distribution of the coupled plate structure are examined by a 
series of simulations. In the first set of simulations, the stiffened rib is initially inserted directly between the excitation 
force and the source plate in one simulation which is then moved away from the source by 0.1 m and 2.9 m (or 0.1 m 
away from the plate/plate coupled junction) in two separate simulations. To minimize the influence of modal response 
by individual modes in the analysis, one third octave kinetic energy distributions of the source plate and the receiving 
plate are calculated in these simulations which are compared to those of the corresponding unribbed L-shaped plate as 
shown in Figs. 5 and 6. It is shown in Fig. 5 that effects of the ribbing on the kinetic energy distribution of the source 
plate varies from frequency bands to frequency bands except for the first two simulation cases ( m0.3bx and 
m9.2bx ). In the first case ( m0.3bx ), the presence of the stiffened rib has led to a substantial reduction of kinetic 
energy distribution of the source plate in all frequency bands due to a substantial reduction of power injection by the 
external point force. In the second case, the ribbing effect on the energy distribution of source plate is only significant at 
low frequencies. This agrees well with the theoretical discussion of Lin and Pan [7] and the experimental observation by 
Lin [12]. 
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Fig. 4. Comparison of the input mobility of the L-shaped plate with and without a stiffness rib. 
Fig. 3. Input mobility of the coupled L-shaped plate with a reinforced rib on the source plate. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 shows the kinetic energy distribution of the receiving plate in one third octave bands for the same 
simulations. It is shown that the ribbing in the source plate has resulted in a general reduction of the kinetic energy 
distribution in the receiving plate for all simulation cases except for one or two frequency bands at low frequencies, 
which is caused by the different number of resonant responses included in these bands as a result of the change of 
resonant frequencies of the couples plate structure by the stiffened rib.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the following set of simulations, the source plate is unribbed and a stiffened rib is inserted at m1.0bz on the 
receiving plate in the first simulation which is then moved to m0.1bz and m9.1bz in the subsequent two 
simulations. The kinetic energy distribution of the source plate and the receiving plate in these simulations are 
compared to that of the corresponding unribbed L-shaped plate as shown in Figs. 7 and 8. It is shown that the rib 
insertion on the receiving plate does not lead to reduced kinetic energy distribution on the source plate due to the 
negligible effect of the rib on the impedance at the source location. It is further observed that the rib insertion on the 
receiving plate can lead to an increased kinetic energy distribution in the source plate at some low frequency bands due 
to the change of the number of resonance responses included in these bands. This observation is also true for the 
receiving plate except for the case where the rib is located at m1.0bz  as shown in Fig. 8. For this case, the rib is 
close to the coupled plate/plate junction, it thus induces additional impedance for the wave propagates from the source 
plate to the receiving plate. This then results in reduced kinetic energy distribution of the receiving plate as shown in 
Fig. 8 and an increased kinetic energy in the source plate due to the wave reflection. The inclusion of additional 
resonance response in the frequency band centered at 16 Hz has led to an increased kinetic energy distribution of the 
band of the receiving plate in this simulation case. 
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Unribbed Source Plate
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Fig. 5. One third octave band kinetic energy distribution of the source plate. 
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Unribbed Receiving Plate
Beam insertion at xb=3.0 m
Beam insertion at xb=2.9 m
Beam insertion at xb=1.5 m
Beam insertion at xb=0.1 m
Fig. 6. One third octave band kinetic energy distribution of the receiving plate. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusions 
An analytical model was presented in this paper to study the effect of ribbing on the vibration response of two 
rectangular plates coupled at right angle due to a point force excitation. The accuracy of the analytical model was 
validated by comparing the input mobility of the coupled plate structure to that obtained from the finite element 
analysis. Good agreement was found between the results except at high frequencies where the numerical error of finite 
element analysis increases.  
It was found that except at a number of frequencies where the rib is at resonance, the presence of the stiffened rib 
has led to a substantial reduction of the input mobility amplitude of the L-shaped plate due to the increased stiffness 
(impedance) at the source location. The response of the coupled plate at frequencies close to the rib resonance does not 
reduced from that of the unribbed L-shaped plate since at the rib resonance, the stiffness of the rib tends to decrease and 
approach zero.  
Effects of the ribbing on the kinetic energy distribution of the coupled plate structure were also studied in this paper 
by a series of simulations. It was shown that inserting the stiffened rib on the source plate will lead to reduced energy 
flow to the receiving plate in general regardless the location of the rib. In contrast, effects of ribbing on the energy 
distribution of the source plate are only significant when the rib is inserted directly between the source and the plate or 
close to the excitation source.  
It was also shown in the study that a rib insertion onto the receiving plate will not have a substantial effect on the 
energy distribution and energy flow between the source and receiving plate except for the case where the rib is close to 
the plate/plate coupled junction of the coupled plate structure where the presence of the rib has induced additional 
impedance to the wave propagation from the source to the receiving plate.  
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Fig. 8. One third octave band kinetic energy distribution of the receiving plate. 
Fig. 7. One third octave band kinetic energy distribution of the source plate. 
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